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PREFACE

Tne investigation repoerted herein was conaucted by personnel of the

Instrumentation Services Division (ISD), U. 8. Army Engincer Waterways
Experirent Station (WES), during the period February to March 1981.

The program was under the direct supervision of #r. Francis I'. Hanes,
Chief, 1Sb. Mr. F. P. Leake conducted the experimentsl portion of the study.
Messrs. hanes, Leake, and G. P. Bonner, Chief, Special 3ervices Branch, ISD,
preparea the report.

TC David C. Girardot, Jr., CE, was Acting Commander of WES during

the course of this study. Mr. F. R, Brown was Acting Director.
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CLECTRICAL NOISE PROBLEMS ASSOCIATED WITH CABLE AND GAGH

FAILURE DUKING EXPLOSIVE TESTING

'ART 1: BACKGROUND

1. Elements of ihe Waterways Experiment Station (WES) have been
invoived in expiosive testing for more than 25 years. During this time,
an increase in interest has evolved in measuremenis approaching the ground-
zero region. The requirement to locate instrumentation close to the explosion

resulte in the destruction of some gages and cables, and the preocess somelimes

o

produces extremely high noise levels on surviving duta chunnels,

2. While some measurements on explosive tests have been made by
other means, many WhS measurements have employed « resistive or piezo-resistive
strain gage bridge as a tlransductive element. All measurements referred to
in this report are of this type.

3. The recently completed Silo Test Program (STT) produced noise
problems on certain channels that were more severe than had been experiencea
yrevicusly by WES instrumentation engineers. During the d-ta recuction phase
o 3TPI1I, it became apparent that remedial action was indicated if luture
tests like the STPIL event were to produce nolse-free data. At this time,
WES engineers began evaluating earlier field data with respect b~ “he noise
problem. Dats from the events listed below were rcexamined i: ti-lu gtudy.

1964k-197h (various experiments): Cross talk was ncted
between carrier and DC excited data channels. This cross
talx was reduced to accepcable levels by separation of DU
and carrier cables and signal conditioners.

|2

197h (ESSEX): Cross talk was noted between another
experimenter's equipment and WES Bytrex HFG¥ pressure gapges.

o

¢. 1976 (DICE THROW): Cross talk was noted on Bytrex HFG rages
due to cable/gage destruction.

1976 (Post DICE THROW): Tests prove that 20-pair TSP cable
is supericr to telephone type 50-pair cable with respect

10 noise generated by gage/cable destruction. Fxcitation
short. to shield proved to be worst case fraull.

12

* HFG gages were oither uscd to afford compatibility with another experi-
menter's data or recorded for another agency.

"




e. 1900 (MIGHTY “ACH): A short developed on a Rytrex HEG
gage producing nolse and ouotalk similar to that
assvciated with ESSEX data.  This short was between
excivation and shield.

¥ 1980 (81FLT Demopstration Shot):  Cross talk wuas noted
beiween surviving and destroyed channels,

|>—

e 1980 (87TPil Cal Shots): Cress talk was noted due o
short between excitation snd shield; some gapes were
af'fected more than cthers.

h. 1980 (STril Main Event): More n.ise and cross Lalk due
to destroyed pages was recorded n certain acceleration
channels than on any prior Wbb test.

b, As a resull of this reexamination, certain parameters were

selected as probable contributors to vhe noise probiem. These were (a)

gase resistance and symmetry and their effects cii sipgnal conditioner
cowmon mode rejecticn ratio (CMER*), (b) cable typ:, (¢) gage excitation
source, and (d) signal conditicaer power source. As the experiment progressed,
some altention was given to excitation voitage level, cable length, "common/
ground" location, amplitier type, fault type, and cable termination.

5. dubsequent 5Ti events are planmed with more severe environnents
than Lhose fielded previously und, without improvement, data quality

from these events could be compromised by noise.

*Common mode rejection ratio is defined as the ratio ol differ:ntial pain
Lo common mode gain:

CMRR =

Or in decibels: CMR (db) = 20 log CMRR

For more details see "Operational Amplitiers Desipn and Applications",
Tobey. Graeme, Huelsman; McGraw-Hill.
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e Postmortom: on ovaricus evenbs hinve showh eviaence that et of

the noioe/cros

Lualk recorded wie due to cable oF e destructie:n thed
resurted in sherted cablie elemnents. Phe shortin process probably wes

not w osimple one und 15 nebt casily simoated. With this i mind, Wit
engtineers set about shorting dirvereat rairs of data cheumel elements

and noting the efffects. TU was found Lhat a il bt penerated by shorting:

an exeitation lead 1o cuble shicld wwhore the shicld is electrically
connected to excitiation comron or ecarth) produced 23 higher noise ampiitades
thin faults penerated by shorting any other pairs. Undess ctherwise noted,
fawr b simtlation was, thero.ore, limited to excitationshielu chorts o
data Laken during this fovestigation, 1t i recognised that there is

conceivabily i fauili source that produces pore e

e than the excitat fon)

shield sport, but it would probubiy not be w o siggniar event.  One of Lhe
acknowiedged deticiencieos of this investipzation was the juabiiity to
reprovuce nelse levels approachlng those of SiPil. Poere i reason to
believe that these noise levels were the resuli o multiple, additive faulta,

T The Bytrex hFG pressure pagte has been acsociated with norses
ceross talk on several WES evento., Shils payee 1o more asymmetrica) with

B

by WES: thus, the hypothesis that page asymmetry intluechces nelse suacep-

T — LT A

!
E
}
respect to ai;mal -~ excitation bridege resistance thun any othor jugpe used
Tibilivy Ly afrecting the CMBR or thie aipynal conditioner.  The Bytrex fices
4

wwited by WG read aboutl L0008 between one sipnal Jead and either excitation

lead, and about 15008 between the othiesr sipnnl Jeaa whid Sidihie: <v-ftarjon
leuad. The typical WES Bytrex pase was simpuluted in this investigation ‘l

Withh one perecent resistors as shiown in Figarve 1.
8. The cable length used was 1500 r't.  This lensth is the same

as the cable runs for GTVILT and is typical ot most reecent Whs fiecid

experiments. <
9. The cable types investirnted were (o) 50 twisted pair (telephone X
type), (b) 20 twisted, shielded pair rurnished by the Detensce wuclear

Arency (DAY, and (¢) b-conductor braid shielded simiiar to Belden Moded T3¢,




Pwo runs of hecomductor cable were wound on i ocommon rocl Lo simutate
a cuble bunale as in a ricld cable trench. She majerivy off cuble used
by Whit, cxcept coaxial, for the past 20 yewrs hus beon peneraliy restricted
to these three Lypeos.
10, he sipnal conditioners used tor this investipation were bLuils

by WES, with one excepticn. This was the Ecetron Medel (7CB on Joan

to WS from DRA Field Cowmang.  The Fetron has been used cuccesstully on
several events at the Nevada Test Site (N12) and i considered state of the
art by some members off the DA community due te its hipgh OMER and fast

recavery trom lupul overioad.

g
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1], Most of the tests were copductoed on the Wiad Moded T03A
signual conditivner.  J'he 1O3A schematic i chown i Pipgare . Faalts
were simulated by counection of a signul generator (Squalrc wave) alroas
Tault puirs. ‘The data channel that experienced the fault was calied the
transmitter. 'The data channel used to measure the erfects of the fault
was culled the receiver.  bBoth transmilter anud receiver were conticetea
to the 1500-0t cable lengeths.  Ghe receiver input was ted by a b-arm
Wheatstone Lridge consisting of one percent resistors.,  The sipgnal
conditivners were wired ror either common or separate power and excitation
or censtant current excitation with commen power. These three contvipurations
ars shown in Figures 3-5.

1., The inputs of the Bvtron T70B sirnal conditioners were
substituted ror and connected the same as the WES 103A.  Specitications
and detuils ot the T70B may be obtained trom the Ectron Corporation.*

13. “The input to the transmitter was monitored by a Tektronix

Model 214 oscilloscupe (battery powered). ‘The outpul of the veceiver

was monitored by a Tektronix Model 551 oscilloscope.

*¥Porsonal Communication, EKarl Cununingham, Ectron Corporation, 8159 Euginecer
Road, Sap Dicpgo, Culifornia (Telephone 714/278-0600).

i Wit gibalir
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1e. ihe results ol this investigcution are presented in Figare G,
The noise levels are reterenced to tie receiver input. 1o order to
ceiphasize the sipgniricarce of the nojuve igurcs, the rewdier is veminded
that u single active arm strain gage bridege, excited at 18 Vde, produces
approximately 0. mV o piven a 1CQ-microstrain input.¥®  Ruckgsround nolse
loevels were 0.1-009 mV =i This noise was cither white or multipies

ol oiic.

19, The CMK (dl) tor the WES 103A signul conditicuner wan reevitluated

during this investipgation for comparison with the Betron 77C6h, At

x 1000 guin, the J03A CMBE (db) was 62.5% db rrom 100 liz to 100 kHz., With
input resistors trimmed for maximum CMK (db), 100 Hz to 10 kiz, the 103A
achiieved B0 ab. The FHetron specifications cluim a CMR (iib) er 125 db at

X 1000 gain rrom de to 50 kHz and 10% db rrom 50 kidz to 500 khz.

* C. C. Perry and H. R. Lissncer. 1962. "The Strain Gage Primer.”
snd kaition, MeGrag-Hi:l.
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PAST TV:  RESULSTO

la. The reosults uf this investigution are presented in Fipare 6.

The pojse levels are reterenced to the receiver input, 1o order te

emphusize the sipniricance or the nolse rigures, the reader is reminded

that a single active arm strain gage bridge, excited at 19 Vde, produces

approxamately 0.9 mV o piven o 100=microstrain input.®  Backsround noise

levels were 0.1-0.5 mV P-F.  This noise was either white or muitiples
oi vliic.
15, The CMR {(db)} for tie WES 103A signal conditicner wuas reevaluated

during thic investipgation for comparison with the Betron 776Gh, At

X 1000 pain, the 103A CMS (db) was 62.5% db from 100 Bz to 100 kliz. With
input resistors trimmed tor maximum CMR (db). 100 Hz to 10 klz, the 103A
achieved 80 ab. The Ectron specifications claim a CMR (db) or 125 db at

X 1000 pain from de to 50 kHz and 105 db trom 50 kdHz to SO0 khz.

¥ C. . Ferry and H. K. Lissner. 10062. "The Strain Gape Primer."
znd kaition, MeGruw-Hili,




PARY Vi DISCUBSION ARD CONCLUSIONS

b, At firsc giance, the reader myy deduce from ihe aata in
Figurce & thuat by symmetrizing a gage one may achieve virtually noise-
tree data (compare data line 3 with lines 4 and 5). True, this produces
great improvement in CMRR compared to nonsymmetrical gages, ut WES was
already operating in the 2-5 mV noise range poing into STP. Again,
the 400q/1" J0yn gage contfiguration is indicative of WES experience with
the Bytrex HFG gage and 1s presented herc as a worst case condition.
The highest noise levels recorded on STP were produced hy structural
acceleration channels using Endevco Model 226L-C accelerometers. A
ranaom sample taken itrom WES grock during this investigation showed
variations in 226L4-C bridge lead resistances from 0.6 percent to 22
percent where the Bytrex sample showed variations on the order of 2795
percent.

17. A comparison of data lines 3 with 13, & with 17, and S with

156 indicates that no advantage is gained by choosing L-conductor shielded

cavle over 20 TSP, Thic conclusion should be recerved until a comparison
is made between data lines 8 and 1G, 9 and 16, and il and 21. “ogether

these comparisons indicate that the advantage of one individual cable per
channel is realized only wlien power ard excitation sources are separated.

i8. The Ectron TT6B signal couaditioner is an example of extreme
circuit isovlation. After the results of tests with the Ectron on 20 TSP
and L-conductor cubles were evaluatea, further efforts toward noise reducticn
with WES sigra. ccnditioners were concentrated on isolation of the power
and excitation sources, assuming ihat individual b-conductor cable is
used. Furthner pursuit of higher CMRR for the WES 103A was foregone on
the premise that the sdvantages held by the Ectron cover the WES were
probably attributable to circuit isolation rather than CMRR. Apparently
the Lctron CMRR was not the complete solution to the ncise probiem

associested with transducer and cable effects.

]
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19. OSome tests were run that produced data not shown on Figure 6.

The cenclusions drawn from these data includea:

a. There is a nonlinear relationshir between cable length
and noise level received (x 15 length increase causes
approximately x 2 noise level increase).

b. For excitation-shield faults, the noise frequency is
inversely proportionai to czble length (x 3 length
increase = x 3 frequency decrease).

¢. Excitation-shield fault produces higher f{requency

noise on a given cable length than excitation-excitation
fault (for 1500-ft TSP cable: exc/sh fault — 5O kHz;
exc/exe fault - 15 kHz).

d. Signal to noise ratio is reduced by termination
resistance on receiver cable but is unaffected by
termination resistance on transmitter cable.

2G. The results of this investigation are presented as indicators

of certain paths that are available to the experimenter in his efforts

to reduce noise in measurement systems.
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PART V1: RECOMMENDATIONS

21. Further ncise testing at WES will include: (a) the comparison
ol constant carrent, separate and common excitation signal conditioners
run on individual L-conductor cables under controlled failure conditions
in the field, {b; the development ana testing of close-in signal conditioning,
probably located at the junction box, (c) increasing the frequency response
of the WES 103A signal ccnditioners, and (d) methods of protection from the

effects of atmospheric and other noise sources external to the system.

Until the results of these tests are in, it 1s recommended that:

a. Data channels with a hignh protability of destruction
be excited with as low voitage/current level as
ractical and grouped and isolated from probable surviving
channels with respect to cable bundles, junction boxes,
signal conditioning racks, and recorders.

I=

The survivor channels be excited at the highest possible
voltage levei sc that gains may be minimized. Ail
transducers should be seilected so that their upper

input iimits are apprcached but nct exceeded. Theilr
bridge symmetry should be the best available.

E aue i d

Recording van, junction box, and transducer grounding
scnemes be evaluated in place and adjusted to produce
the most noise-free configuration available.

I
.

At least one representative of each type transducer
be isolated from all mechanical inputs, calibrated

and recorded during the test. This will provide a

means for the identificatrion and subtraction of

; coincident noise from the data.

2

Total experimenter participation in full power-fulil
trequency (FPFF) dry runs be imperative. No event should
be fired until all data recorded on FPFF are acceptabie. ,

jo»
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Test layout for separate power and excitation
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In accordance with letter from DAEN-RDC, DAEN-ASI dated
22 July 1977, Subject: Facsimile Catalog Cards for
Laboratory Tcchrical Publications, a facsimile catalog
card in Library of Congress MARC format is reproduced
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Hanes, F. P.
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